A culture isolated from an aborted fetus of a bottlenose dolphin (Tursiops truncatus) was characterized. The isolate was a gram-negative coccobacillus, and the colonial morphology was typical of a smooth Brucella. The isolate was positive for catalase, oxidase, nitrate reduction, and urease. Hydrogen sulfide was not produced. It grew in air at 37 C but required 72 hours for good growth. There was growth on media containing basic fuchsin, thionin, thionin blue, penicillin, and erythritol. The M antigen was dominant, and the isolate was lysed by 4 of 10 brucellaphages tested. The oxidative metabolic profile of the isolate was similar to that for B. abortus but differed in utilization of L-asparagine, L-glutamic acid, and DL-citrulline. Whole-cell lysates were analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. The protein profiles were markedly different from the protein profiles of reference strains of Brucella species. Biochemical and oxidative metabolism profiles indicated that the isolate belongs in the genus Brucella but did not match the profiles of any established species or biovars. This isolate may be an atypical strain of a recognized Brucella species or a new biovar or species of Brucella.
Brucella species have been isolated from numerous animal species, including cattle, swine, goats, sheep, dogs, bison, and elk. 7,22 These bacteria cause abortion in the majority of infected hosts. There are no reports of Brucella infection in marine mammals. A bacterium was isolated from an aborted fetus of a bottlenose dolphin (Tursiops truncatus) at the Balboa Hospital, San Diego, California. The isolate was tentatively identified as a Brucella species and submitted for identification to the National Veterinary Services Laboratories (NVSL), Ames, Iowa. This report describes the characterization of this isolate using tests recommended for identification of species and biovars of the genus Brucella. 1 2 , 1 8 
Materials and methods
Biotyping procedures. The following tests were performed on the isolate: culture in the presence of basic fuchsin (1: 25,000 and 1:100,000), thionin (1:25,000 and 1:100,000), and thionin blue (1:500,000); culture on medium containing penicillin (5 units/ml) or erythritol (1 mg/ml and 2 mg/ml plus 5% bovine serum); urease and catalase activity; H 2 S production; CO 2 dependence; and serum requirement. Previously described biotyping methods were used. 2 The dominant antigen was determined with an agglutination test using A-and M-monospecific antisera ( 2, 5, 19 Colonial morphology was studied by direct observation, agglutination in acriflavine, and crystal violet staining. 2 Metabolic characteristics. Oxidative metabolism studies (Warburg manometry) were conducted on the isolate using previously described procedures. 15 The isolate was also characterized using the carbon substrate utilization method. a,9,24 The microtiter plate a was read on an enzyme-linked immunosorbent assay reader. a Data were analyzed with a computer" to identify the isolate.
Biochemical tests. Biochemical reactions were determined using the following tests: oxidase, motility (hanging drop), nitrate reduction, indole production, growth on Simmons citrate, methyl red, Voges-Proskauer, arginine dihydrolase, lysine decarboxylase, and L-ornithine decarboxylase. The isolate was tested for utilization of the following carbohydrates with Andrade's indicator using previously described procedures: 6, 14 D-glucose, D-Xylose, D-mannitol, lactose, sucrose, maltose, salicin, dulcitol, adonitol, glycerol, D-galactose, trehalose, raffinose, myo-inositol, L-arabinose, L-rhamnose, D-Sorbitol, cellobiose, and D-mannose. Gram staining was done by the method of Kopeloff-Beerman.
Guinea pig virulence studies. The dolphin isolate, B. abortus strain 19 (original seed), B. abortus biovar 5 (reference strain B3196) B. melitensis biovar 1 (reference strain 16M), and B. melitensis biovar 2 (reference strain 63/9) were used in virulence studies. 10 Each isolate was inoculated into a group of 7 guinea pigs. A 1-ml inoculum containing 0.92 x 10 9 colony-forming units (SD = 0.34 x 10 9 ) was injected intraperitoneally into each animal. The dolphin isolate did not grow as well as the other Brucella strains; therefore, the inoculum dosage was lower. After 44 days, the guinea pigs were euthanized and necropsied. Serum was collected and tested for antibodies, and the spleen was examined for gross lesions and cultured. The spleen/body weight ratio was determined. 10 Sera were tested with the card test, standard tube agglutination test, standard plate agglutination test, rivanol test, and complement fixation (CF) test. 1 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). The dolphin isolate and the reference strains b of Brucella (except B. suis biovar 5) were inoculated into trypticase soy broth and incubated in a shaking water bath of 37 C for 24-72 hr. Cells were harvested by centrifugation at 10,000 x g for 10 min and resuspended in 5 ml of saline solution per gram of cells. The cells were inactivated with cold methanol (66% v/v) for 1 wk. 21 Cell proteins were extracted with SDS, c loaded onto 10-20% gradient SDS-polyacrylamide gels d and electrophoresed for 1.5 hr at 25 V. 13 The gels were silver stained using the following method. e,4,11 Gels were fixed for 1.5 hr in 50% (v/v) ethanol and 10% (v/ v) acetic acid. The fixative buffer was replaced with a second fixative buffer (30% [v/v] ethanol and 10% [v/v] acetic acid) for 1.5 hr. Gels were then rinsed twice for 10 min in 10% (v/v) ethanol and 5% (v/v) acetic acid, placed in 8.3% glutaraldehyde for 12 min, washed in distilled water 4 times (12 min each wash), and placed in 0.25% (w/v) silver nitrate for 30 min. Gels were again washed 4 times in distilled water for 5 min each followed by a 15-min final wash in distilled water. The proteins were visualized in 2.5% Na 2 CO 3 containing 0.02% formaldehyde. Development was stopped with 1% (v/v) acetic acid for 5 min, followed by 3 5-min washes in distilled water.
Statistical methods. The method used to evaluate the results of the spleen/body weight ratio for the guinea pig virulence study was the analysis of variance for a completely randomized design. 20 The individual means of the spleen/ body weight ratios were compared by the least significant difference method. 20
Results
The dolphin isolate grew on basic fuchsin (1:100,000 and 1:25,000), thionin (1:100,000 and 1:25,000), thionin blue, penicillin, and erythritol (1 mg/ml). There was light growth on erythritol (2 mg/ml with 5% bovine serum). The M antigen was dominant, and A and R antigens were not detected. Carbon dioxide was not required, although 72 hours were required for good growth. Serum (not required) greatly enhanced growth after 72 hours of incubation. The isolate was lysed by the following phages: Wb, S708, D, and R/O. The phage lysis pattern of the dolphin isolate is compared with those of the other species of Brucella in Table 1 .
Smooth colonies with slight granularity were observed. There was no agglutination with acriflavine, and small granules were observed with crystal violet staining.
In oxidative metabolism studies (Table 2) , the isolate utilized the substrates in the amino acid group (Dalanine, L-alanine, and L-glutamic acid) and the carbohydrate group (L-arabinose, D-galactose, D-ribose, D-glucose, and meso-erythritol). It did not utilize the substrates in the urea cycle group (DL-omithine, L-arginine, and L-lysine). There was slight utilization of DLcitrulline.
The isolate utilized the following substrates as indicated by the carbon substrate utilization: adonitol, L-arabinose, i-erythritol, D-fructose, L-fructose, D-galactose, a-D-glucose, maltose, methyl pyruvate, monomethyl succinate, -hydroxybutyric acid, and D,L-lactic acid. It was borderline positive on alaninamide. The utilization pattern for the isolate was similar to that of B. suis biovar 2.
The isolate was positive on the catalase, oxidase, urease (3 hours), and nitrate reduction tests. The isolate did not produce and was negative on the following tests: motility, indole, Simmons citrate, methyl red, Voges-Proskauer, arginine dihydrolase, lysine decarboxylase, and L-omithine decarboxylase. The isolate did not grow on any of the 19 carbohydrates tested. The cells were gram-negative coccobacilli (about 0.5 x 0.5-0.5 x 1.1 µm). Results of the guinea pig virulence studies are shown in Table 3 . Gross lesions were observed only in spleens from guinea pigs infected with B. melitensis biovars 1 and 2. Spleens from guinea pigs challenged with B. abortus biovar 5 and B. melitensis biovars 1 and 2 were heavily infected, with colony counts averaging 500, 460, and 308 colonies/plate, respectively. An average of 60 colonies/plate was isolated from the spleens of guinea pigs infected with B. abortus strain 19. Five colonies of the dolphin organism were isolated from the spleen of 1 guinea pig. This isolate had biochemical characteristics identical to those of the dolphin isolate originally inoculated. The mean spleen/body weight ratio for the guinea pigs given the dolphin isolate was significantly less than that for the guinea pigs given B. abortus biovar 5 or B. melitensis biovars 1 and 2 (P < 0.05). There were no differences (P < 0.05) among the mean spleen/body ratios for the guinea pigs given the dolphin isolate, those given B. abortus strain 19, or the control group. All guinea pigs challenged with B. abortus biovar 5, B. abortus strain 19, and B. melitensis biovars 1 and 2 had high serologic titers on all tests. The control animals were negative on all tests except for 1 CF test-positive (4+ 1:10) guinea pig. Guinea pigs challenged with the dolphin isolate had different serologic and culture reactions ( Table 4 ).
Three regions (≤ 17, 45-65, and >68 kD) in the protein profiles of the isolate from the bottlenose dolphin and the reference strains of Brucella were the same, with qualitative differences only (Fig. 1) . The protein bands at 19 kD and 29 kD were missing from the dolphin isolate. A protein band at 26 kD was found only in B. abortus biovar 6, B. ovis, B. canis, B. suis  biovars 1 and 4, B. neotomae, and the dolphin isolate.
Discussion
Brucellosis is a Zoonotic disease affecting many mammalian species. Domestic animals such as cattle, swine, sheep, goats, dogs, and horses may be infected with Brucella spp. 2, 7 These bacteria have also been isolated from numerous wildlife species, such as bison, elk, feral swine, hares, wood rats, and caribou. 7, 8, 22 There are no reports of Brucella infecting marine mammals. The isolate studied here is unique because it was isolated from an aborted fetus of a bottlenose dolphin.
Colony and cellular morphology, Gram's reaction, and the results of routine biochemical tests of the dol- abortus, B. melitensis, B. suis, B. ovis, B. canis, B . neotomae, and the dolphin isolate. Lanes: 1, dolphin isolate; 2-8, B. abortus biovars 1, 2, 3, 4, 5, 6, and 9, respectively; 9, B. neotomae, 10-12, B. melitensis biovars 1, 2, and 3, respectively; 13-16, B. suis biovars 1, 2, 3, and 4, respectively; 11, B. canis; 18, B. ovis. phin isolate are compatible with those described for the genus Brucella. 5, 18 Because Brucella phages are genus or species specific, the phage typing results support the identification of the dolphin isolate as a Brucella species, although this isolate had a unique phage type. 7, 19 The isolate was lysed by the R/O phage, which is specific for rough Brucella species, but it was also lysed by phages that lyse only smooth Brucella cells (Wb, S708, D). The crystal violet stain showed small granules in the colonies, indicating a small amount of dissociation. 2, 10 The results of the biotyping procedures indicated that the dolphin isolate was more closely related to B. abortus or B. melitensis than to other species of Brucella. 2, 18 The growth pattern on basic fuchsin, thionin, thionin blue, penicillin, and erythritol was consistent with those for B. melitensis biovars 1, 2, and 3 and B. abortus biovars 3, 5, 6, and 9 . The dominant antigen was M, narrowing the possible identification of the isolate to B. melitensis biovar 1 or B. abortus biovars 5 and 9. The isolate did not produce H 2 S, which narrowed the choices to B. melitensis biovar 1 or B. abortus biovar 5, although neither match was perfect. The urease reactions was too rapid for B. melitensis biovar 1 (normally positive in 24 hours). Brucella abortus biovar 5 does not grow on thionin at the 1:25,000 dilution, whereas the dolphin isolate did grow at that dilution. The dolphin isolate was not lysed by the Tb phage, which is specific for B. abortus.
The oxidative metabolism studies yielded a pattern similar to that for B. abortus except for the QO 2 (N) levels for L-asparagine, L-glutamic acid, and DL-citrulline. 2, 16, 17, 23 Mean QO 2 (N) levels for L-asparagine and L-glutamic acid are between 100 and 300 for B. abortus; the QO 2 (N) levels for the dolphin isolate were 35 and 53, respectively. The dolphin isolate had a QO 2 (N) of 52 for DL-citrulline, whereas that for B. abortus was <50. This small difference was within normal limits of variation between isolates.
The carbon substrate utilization method identified the isolate as B. suis biovar 2 but grouped it closely with B. melitensis biovar 1. The oxidation pattern for the dolphin isolate matched reported results for Brucella species. 9, 24 The guinea pig results indicated that the dolphin isolate is avirulent when compared with known Brucella species, including B. abortus strain 19. Even so, it was isolated from the spleen of 1 guinea pig. This low isolation rate may have been the result of the lower inoculum dose or because the isolate was not as laboratory adapted as the reference strains.
The SDS-PAGE protein profiles of the isolate were similar to yet in some ways uniquely different from those of the reference strains of Brucella. 3 The results indicate that this isolate may be a new species of Brucella.
The bottlenose dolphin isolate has general characteristics of the genus Brucella but does not exactly match any known species. It may be a mutation of a recognized species of Brucella in a foreign host or a new species that is specific for marine mammals. Additional isolates are needed from bottlenose dolphins before existence of a new species of Brucella can be confirmed.
